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METHOD OF MANUFACTURING PRODUCT
AND ADDITIVE MANUFACTURING
APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method (additive
manufacturing method) of manufacturing a product, such as
a so-called powder depositing-and-melting method, that
repeats formation and solidification of a powder layer, and
to an additive manufacturing apparatus used for the method.

Description of the Related Art

[0002] In recent years, so-called 3D printers are being
developed enthusiastically, and various methods are being
tried for the development. For example, there are known
methods such as fused deposition modeling, stereolithogra-
phy that uses photo-curable resin, and powder depositing-
and-melting method.

[0003] The powder depositing-and-melting method forms
a three-dimensionally shaped object by repeating a process
to spread material powder, made of nylon resin, ceramic, or
metal, so as to form a layer of the powder, and a process to
solidify a portion of the powder layer by selectively heating
the portion by irradiating the portion with a laser beam, and
by cooling the portion. In the powder depositing-and-melt-
ing method, metal powder 1s recently started to be used, as
the material powder, for manufacturing products required to
have high mechanical strength and good thermal conduc-
tivity.

[0004] In the powder depositing-and-melting method,
however, when a desired portion of the powder layer 1s
irradiated with a laser beam for melting or sintering the
portion 1n accordance with a shape to be formed, a project-
ing solidified portion (projecting portion) that locally proj-
ects from the powder layer may be disadvantageously
tformed depending on a state of the deposited powder layer
or the 1rradiation condition of the laser beam. In addition, the
powder heated to a high temperature may tly like sparks and
adhere to the surface of a solidified portion, forming a
projecting solidified portion (projecting portion).

[0005] If the height of the projecting portion 1s larger than
the thickness of a powder layer to be spread next, the
projecting portion will interfere with a powder-layer form-
ing mechanism when the powder-layer forming mechanism
deposits the powder for the next layer and flattens the layer.
In this case, the powder-layer forming mechanism may be
caught on the projecting portion and prevented from mov-
ing, or otherwise a product on which the projecting portion
1s formed and which 1s being manufactured may be pushed
down by the powder-layer forming mechanism. As a resullt,
the manufacturing apparatus may stop, stopping the spread-
ing of the powder layer.

[0006] As countermeasures to this problem, Japanese Pat-
ent Application Publication No. 2007-100199 discloses a
method in which when the powder-layer forming mecha-
nism contacts a projecting portion and receives force larger
than a predetermined force, the powder-layer forming
mechanism temporarily retracts toward a direction 1n which
the powder-layer forming mechanism 1s separated from the
projecting portion, while horizontally scanning the powder
layer.
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[0007] In the method of Japanese Patent Application Pub-
lication No. 2007-100199, when the powder-layer forming
mechanism contacts a projecting portion, the powder-layer
forming mechanism temporarily retracts from the projecting
portion to a height at which the powder-layer forming
mechanism does not contact the projecting portion, while
moving horizontally. Thus, the manufacturing apparatus can
be prevented from being stopped. However, 1n a period of
time 1n which the powder-layer forming mechanism retracts
upward while moving horizontally, the powder-layer form-
ing mechanism cannot properly supply the material powder.
For example, when the powder-layer forming mechanism 1s
forming a powder layer while pushing a pile of powder by
using a blade, 1t the powder-layer forming mechanism
retracts the blade upward at a position at which a projecting,
portion 1s formed, the blade will move horizontally, with the
pile of powder being left at the position. Even 11 the blade
1s then moved downward to a lower position after passing
the projecting portion, the material powder 1s short at the
position. Thus, the powder layer will not be formed after that
even though the blade 1s moved horizontally, or otherwise
the thickness of the powder layer will become thinner than
a predetermined thickness.

[0008] In the manufacturing of products by using an
additive manufacturing apparatus, there are single-product
manufacturing and multiple-products manufacturing. The
single-product manufacturing 1s used for manufacturing a
single product 1n an area of the apparatus in which the
product 1s manufactured, and the multiple-products manu-
facturing 1s used for simultaneously manufacturing multiple
products 1n an area of the apparatus in which those products
are manufactured.

[0009] Inthe single-product manufacturing, 1f a projecting
portion 1s formed, a pile of powder will be left 1n the vicinity
of the projecting portion, and a portion of a powder layer
will have insuflicient thickness. As a result, troubles waill
occur 1n the following manufacturing process, probably
deteriorating the accuracy in shape of the manufactured
object. In some cases, the manufactured object might have
to be disposed.

[0010] In the multiple-products manufacturing, 1f a pro-
jecting portion 1s formed on one of products that are being
manufactured, the other products that are being manufac-
tured 1n parallel with the one product will not be properly
supplied with the material powder to be used for forming the
remaining portion of the layer. Specifically, a pile of powder
will be left at positions at which the other products, which
have been normally manufactured, are located; and a portion
of the powder layer will have insuflicient thickness. As a
result, the manufacturing will not be able to be reliably
continued. Thus, even when the multiple-products manufac-
turing 1s performed, the productivity will actually be low-
ered.

[0011] Thus, 1t has been desired to achieve a method 1n
which even when a projecting portion 1s unintentionally
formed while a product 1s being manufactured by repeating
formation and solidification of a powder layer, the additive
manufacturing of the product can be continued with high
accuracy.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present invention,
a method of manufacturing a product includes a powder-
layer forming step 1n which a layer forming portion moves
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in a space above a base and forms a powder layer having a
predetermined thickness, a solidifying step in which the
powder layer formed in the powder-layer forming step 1s
irradiated with an energy beam in accordance with a shape
ol a product to be manufactured and a solidified portion 1s
formed, and a check step in which whether a projecting
portion 1s formed on the solidified portion formed in the
solidifying step 1s checked, the projecting portion having a
height larger than the predetermined thickness. The powder-
layer forming step, the solidifying step, and the check step
are repeated 1n this order. It the projecting portion 1s detected
in the check step, the layer forming portion operates in the
powder-layer forming step to be performed next, such that
until reaching a position located in front of the projecting
portion, the layer forming portion moves while forming the
powder layer having the predetermined thickness by using a
high-rigidity thickness-determining portion, at a position of
the projecting portion, the layer forming portion moves
while forming the powder layer by using a low-rigidity
thickness-determining portion, and after passing the position
of the projecting portion, the layer forming portion moves
while forming the powder layer having the predetermined
thickness by using the high-rigidity thickness-determining
portion.

[0013] According to a second aspect of the present inven-
tion, an additive manufacturing apparatus includes a base, a
layer forming portion configured to form a powder layer
having a predetermined thickness by moving i a space
above the base, an 1rradiation portion configured to irradiate
the powder layer with an energy beam, a detection portion
configured to detect a projecting portion formed on a solidi-
fied portion and a position of the projecting portion, the
solidified portion being formed by wrradiating the powder
layer with the energy beam from the irradiation portion, a
height of the projecting portion being larger than the pre-
determined thickness, and a control unit. The layer forming
portion includes a high-rigidity thickness-determining por-
tion and a low-rigidity thickness-determining portion. The
control unit 1s configured to control operation of the high-
rigidity thickness-determining portion and the low-rigidity
thickness-determining portion, depending on a detection
result by the detection portion.

[0014] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 1s a cross-sectional view schematically
illustrating an additive manufacturing apparatus of a first
embodiment.

[0016] FIG. 2 1s a perspective view schematically 1llus-
trating a powder depositing apparatus and its surroundings
of the first embodiment.

[0017] FIG. 3 1s a partial cross-sectional view schemati-
cally illustrating a structure of the powder depositing appa-
ratus of the first embodiment.

[0018] FIG. 4A 1s a diagram schematically illustrating a
state 1n which a projecting portion 1s formed 1n the first
embodiment.

[0019] FIG. 4B 1s a diagram illustrating an operation of the
powder depositing apparatus 1n the first embodiment, in
which a ligh-ngidity plate-like member spreads a powder
layer to a position that the high-rigidity plate-like member
reaches immediately before reaching the projecting portion.
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[0020] FIG. 5A 1s a diagram 1llustrating a state of the
powder depositing apparatus 1n the first embodiment, in
which the high-ngidity plate-like member 1s retracted
upward and a low-nigidity plate-like member 1s moved to a
powder-layer formation height.

[0021] FIG. 5B 1s a diagram 1llustrating a state of the
powder depositing apparatus 1n the first embodiment, in
which the low-ngidity plate-like member 1s moving the
position of the projecting portion.

[0022] FIG. 6 1s a diagram illustrating a state of the
powder depositing apparatus 1n the first embodiment, in
which aifter the low-nigidity plate-like member passes the
projecting portion, the low-rigidity plate-like member 1s
retracted upward and a high-rigidity plate-like member 1s
moved to the powder-layer formation height.

[0023] FIG. 7A 1s a diagram 1llustrating a state in which a
projection portion 1s not formed.

[0024] FIG. 7B 1s a diagram 1llustrating a state in which
the high-rigidity plate-like member 1s moved while
retracted, and 1n which the low-rigidity plate-like member
spreads the powder.

[0025] FIG. 8A 1s a diagram 1llustrating a state in which a
plate-like member 1s 1n contact with the projecting portion in
a case where the present invention 1s not applied.

[0026] FIG. 8B i1s a diagram 1llustrating a state in which a
plate-like member 1s retracted 1n a case where the present
invention 1s not applied.

[0027] FIG. 9A 1s a diagram schematically illustrating a
state 1n which a projecting portion 1s formed 1 a second
embodiment.

[0028] FIG. 9B 1s a diagram illustrating an operation of a
powder depositing apparatus 1n the second embodiment, in
which a high-rigidity plate-like member spreads a powder
layer to a position that the high-rigidity plate-like member
reaches immediately before reaching the projecting portion.

[0029] FIG. 10A 1s a diagram 1llustrating a state of the
powder depositing apparatus in the second embodiment, in
which the high-ngidity plate-like member 1s retracted
upward and a low-nigidity plate-like member 1s moved to a
powder-layer formation height.

[0030] FIG. 10B 1s a diagram 1illustrating a state of the
powder depositing apparatus 1n the second embodiment, in
which the low-ngidity plate-like member 1s moving the
position of the projecting portion.

[0031] FIG. 11A 1s a diagram illustrating a state of the
powder depositing apparatus in the second embodiment, in
which the low-ngidity plate-like member has passed the
projecting portion.

[0032] FIG. 11B 1s a diagram illustrating a state of the
powder depositing apparatus in the second embodiment, in
which the low-rigidity plate-like member 1s retracted and the
powder depositing apparatus 1s moved toward a negative
direction 1n an X axis.

[0033] FIG. 12 1s a diagram 1llustrating a state of the
powder depositing apparatus i which the high-rigidity
plate-like member 1s moved to the powder-layer formation
height to push the pile of powder and form a powder layer.

[0034] FIG. 13 15 a perspective view illustrating a plurality
of three-dimensionally shaped objects formed on a plate.

[0035] FIG. 14 1s a plan view illustrating the plurality of
three-dimensionally shaped objects formed on the plate.
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DESCRIPTION OF TH.

L1l

EMBODIMENTS

[0036] Hereinafter, a method of manufacturing a three-
dimensionally shaped object and an additive manufacturing
apparatus of an embodiment of the present invention will be
described with reference to the accompanying drawings.
Note that 1n the drawings referred to in the below-described
embodiments and examples, a member denoted by an 1den-
tical reference numeral has an i1dentical function, unless
otherwise specified. In addition, when a positional relation-
ship or a direction 1s described in the description, a positive
direction 1s a direction mdicated by an arrow of a coordinate
axis in the drawings, and a negative direction 1s a direction
opposite to a direction indicated by an arrow of a coordinate
axis in the drawings.

[0037] In the embodiments of the present invention, when
a solidified portion 1s formed by heating a powder layer, the
heated powder may sinter at a temperature lower than a
melting point, or the powder may be heated to a temperature
equal to or higher than the melting point, melted, and cooled
and solidified. In addition, 1n the embodiments of the present
invention 1 which one solidified portion 1s put on another
for forming a three-dimensionally shaped object, there 1s a
case 1n which an interface between two solidified portions
can be 1dentified 1n the observation of a cross section of the
three-dimensionally shaped object. However, 11 the two
solidified portions have been melted highly uniformly, the
interface may not be clearly i1dentified.

First Embodiment

Additive Manufacturing Apparatus

[0038] With reference to FIG. 1, an additive manufactur-
ing apparatus 1 of a first embodiment will be described.

[0039] The additive manufacturing apparatus 1 includes a
manufacturing table 101, to which a plate 102 can be
attached. The plate 102 1s a base used when a three-
dimensionally shaped object 1s formed. The manufacturing
table 101 includes a pin 103 that serves as a positional
reference. The plate 102 1s positioned by fitting the pin 103
in a pin hole of the plate 102. In the present embodiment, the
plate 102 1s fixed to the manufacturing table 101 via a screw
104. Note that the plate 102 may not be a plate-like member
as long as it serves as the supporting base when a three-
dimensionally shaped object 1s formed. In addition, the
method of positioning the plate 102 with respect to the
manufacturing table 101 1s not limited to the above-de-
scribed example. The manufacturing table 101 1s supported
by a vertical movement mechanism 106 so as to be able to
move 1 a vertical direction (i.e. positive and negative
directions 1n a Z-axis).

[0040] A powder storage portion 113 to store the material
powder 1s disposed on the right and left sides with respect to
the manufacturing table 101. The powder storage portion
113 supplies the material powder, which 1s used when a
powder depositing apparatus 107 forms a powder layer on
the plate 102. The powder storage portion 113 1s supported
by a powder-storage-portion vertical movement mechanism
114 so as to be able to move 1n the vertical direction (i.e.
positive and negative directions in the Z-axis). A predeter-
mined amount of material powder 1s lifted by moving the
powder storage portion 113 by a predetermined distance
toward the positive direction in the Z-axis, and the material
powder 1s pushed by a high-rigidity plate-like member 21A,
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a high-rigidity plate-like member 21B, or a low-ngidity
plate-like member 22, by moving the powder depositing
apparatus 107 horizontally along an X-axis, so that a powder
layer can be formed on the plate 102. As previously
described, the positive direction 1s a direction indicated by
an arrow of a coordinate axis in the drawings, and the
negative direction 1s a direction opposite to a direction
indicated by an arrow of a coordinate axis in the drawings.
A deposition-height limiting line 201 indicated by a dotted
line n FIG. 1 represents the height of the top surface of a
powder layer to be formed by the powder depositing appa-
ratus 107. Note that the powder storage portion 113 may not
be disposed on both of the right and left sides with respect
to the manufacturing table 101 as 1llustrated 1n FIG. 1. That
1s, the powder storage portion 113 may be disposed on either
the right side or the left side with respect to the manufac-
turing table 101 11 the powder storage portion 113 has a
capacity capable of storing a predetermined amount of
powder.

[0041] Above the manufacturing table 101, the powder
depositing apparatus 107 and a movement guide 108 are
disposed. The powder depositing apparatus 107 1s an appa-
ratus to deposit the material powder so as to form a powder
layer having a predetermined thickness, and 1s supported by
the movement guide 108 so as to move back and forth
horizontally along the X-axis, so that the powder depositing
apparatus 107 can move 1n a space above the plate 102 (or
can scan the plate 102).

[0042] FIG. 2 1s a perspective view schematically 1llus-
trating the powder depositing apparatus 107 and its sur-
roundings ol the present embodiment. FIG. 3 1s a partial
cross-sectional view schematically illustrating a structure of
the powder depositing apparatus 107 of the present embodi-
ment.

[0043] As 1illustrated 1 FIG. 3, the powder depositing
apparatus 107 includes the high-rigidity plate-like member
21A, the high-nigidity plate-like member 21B, and the
low-rigidity plate-like member 22 whose rngidity 1s smaller
than that of the high-ngidity plate-like members 21A and
21B. In the following description, when a common descrip-
tion 1s made for both of the high-rigidity plate-like members
21A and 21B, a reference numeral 21 may be given to the
high-rigidity plate-like members, and the high-rigidity plate-
like members may be referred to as a high-rigidity plate-like
member 21.

[0044] FEach of the three plate-like members 1s a blade that
pushes a pile of material powder toward a direction extend-
ing along the X-axis and forms a powder layer having a flat
top surface and a constant thickness. Since the position of
the lower edge of the blade determines the thickness of a
powder layer to be formed, the high-ngidity plate-like
member 21 and the low-nigidity plate-like member 22 are
thickness determining portions that determine the thickness
of the powder layer. The low-rigidity plate-like member 22
1s easily deformed compared to the high-rigidity plate-like
member 21. Thus, it 1s not preferable that the low-rigidity
plate-like member 22 1s used throughout the formation of a
powder layer.

[0045] As described in detail later, the high-rigidity plate-
like member 21 1s used 1 a powder-layer forming process
performed for an area 1 which no projecting portion 1s
formed, and the low-rigidity plate-like member 22 1s used 1n
a powder-layer forming process performed immediately
alter a projecting portion 1s formed. Specifically, the low-
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rigidity plate-like member 22 1s used, 1n the powder-layer
forming process, for forming a portion of the powder layer
in the vicinity of the projecting portion.

[0046] Since the high-rigidity plate-like member 21 slides
on the matenal powder for a long time, it 1s preferable that
coating process 1s performed 1n advance on the surface of the
high-rigidity plate-like member 21 for increasing wear resis-
tance. For example, 1t 1s eflective that the surface of the
high-rigidity plate-like member 21 1s coated with diamond-
like carbon (DLC), which 1s used for tools of machine tools
and 1njection molding molds, or is treated through nitriding
or high-frequency induction hardening.

[0047] For ensuring flatness of the powder layer, the
high-rigidity plate-like member 21 1s made of material that
1s hardly deformed even when force i1s applied to the
high-rigidity plate-like member 21 1n a state where the
high-rigidity plate-like member 21 1s pushing the material
powder. That 1s, hard material such as metal 1s suitable for
the high-rigidity plate-like member 21. For example, high-
rigidity material such as SKD11, SUS420]2, or tungsten
carbide 1s suitably used for the high-ngidity plate-like
member 21. Thus, since the high-rigidity plate-like member
21 has high strength, the high-rigidity plate-like member 21
hardly deforms even when colliding with a projecting por-
tion formed on a three-dimensionally shaped object. In this
case, the driving apparatus would stop due to the resistance
of the high-ngidity plate-like member 21, or otherwise the
three-dimensionally shaped object would collapse.

[0048] In the present embodiment, however, as 1llustrated
in FIG. 3, the high-rigidity plate-like member 21 15 sup-
ported by the powder depositing apparatus 107 so as to be
able to move up and down, so that the high-rigidity plate-
like member 21 can retract toward the positive direction 1n
the Z-axis when a projecting portion 1s formed on the
three-dimensionally shaped object during the manufacturing,
of the object. The mechanism to move up and down the
high-rigidity plate-like member 21 may be any mechanism
as long as the mechanism 1s housed 1n the powder depositing
apparatus 107 and can move up and down the high-rigidity
plate-like member 21. For example, the mechanism may be
a piston mechanism that controls the high-rigidity plate-like
member 21 by using air pressure or oil pressure, or a
mechanism that uses a rack and a pinion and converts the
rotary motion of a component, such as a motor, to the linear
motion. In addition, although the high-rigidity plate-like
member 21 moves vertically, 1n the present embodiment, to
retract when a projecting portion is formed on an object, the
method of retracting the high-rigidity plate-like member 21
1s not limited to this. For example, the high-rigidity plate-
like member 21 may be retracted by a rotation mechanism
or an expansion-and-contraction mechanism.

[0049] FIG. 7Aillustrates the powder depositing apparatus
107 as seen from a direction perpendicular to FIG. 3, 1n a
state where a projecting portion 12 1s not formed. The
high-rigidity plate-like member 21 (that 1s, each of the
high-rigidity plate like members 21 A and 21B) of the pres-
ent embodiment 1s a single plate having a predetermined
width so as to be able to spread the powder in the whole
width, 1n a Y direction, of an area in which a three-
dimensionally shaped object 1s formed.

[0050] Note that not only the above-described high-rigid-
ity plate-like member 21 but also another member, such as
a high-rigidity roller, other than the plate-like member may
be used as the thickness determiming portion, for forming a
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flat powder layer having a predetermined thickness. Also 1n
this case, the supporting mechanism 1s disposed for allowmg
the other member to retract when a projecting portion 1s
formed on a three-dimensionally shaped object.

[0051] The low-rigidity plate-like member 22 1s normally
retracted and positioned at a position at which the low-
rigidity plate-like member 22 does not contact the powder.
However, 1f a projecting portion larger than a thickness of a
powder layer to be spread next 1s unintentionally formed, the
low-rigidity plate-like member 22 1s used for forming a
portion of the powder layer 1n the vicinity of the projecting
portion, 1n the powder-layer forming process performed
immediately after the projecting portion 1s formed. The
low-rigidity plate-like member 22 1s a member made of a
material, such as an elastic material, that allows a contact
portion of the low-rigidity plate-like member 22 to bend and
deform in accordance with the shape of the projecting
portion when contacting the projecting portion. Specifically,
the low-rigidity plate-like member 22 1s made of a low-
rigidity material containing a main component such as
silicone rubber or elastomer.

[0052] As illustrated 1n FIG. 3, the low-rigidity plate-like
member 22 1s supported by the powder depositing apparatus
107 so as to be able to move up and down, so that the
low-rigidity plate-like member 22 can perform the layer
forming process in the vicinity of a projecting portion 1n
place of the high-ngidity plate-like member 21 when the
projecting portion 1s formed on a three-dimensionally
shaped object during the manufacturing of the object. The
mechanism to move up and down the low-rigidity plate-like
member 22 may be any mechanism as long as the mecha-
nism 1s housed in the powder depositing apparatus 107 and
can move up and down the low-rigidity plate-like member
22. For example, the mechanism may be a piston mechanism
that controls the low-rigidity plate-like member 22 by using
air pressure or o1l pressure, or a mechanism that uses a rack
and a pinion and converts the rotary motion of a component,
such as a motor, to the linear motion. In the present embodi-
ment, when a projecting portion i1s formed on an object, the
low-rigidity plate-like member 22 moves toward the nega-
tive direction in the Z-axis and takes a posture for forming
the layer. Note that the method of moving the low-rigidity
plate-like member 22 for causing the low-rigidity plate-like
member 22 to take a posture for forming the layer 1s not
limited to this. For example, the low-ngidity plate-like
member 22 may be moved by a rotation mechanism or an
expansion-and-contraction mechanism.

[0053] FIG. 7B illustrates the powder depositing apparatus
107 as seen from a direction perpendicular to FIG. 3, 1n a
state where the powder depositing apparatus 107 1s forming,
a portion of a layer in which the projecting portion 12 is
formed. The low-rigidity plate-like member 22 of the pres-
ent embodiment 1s a single plate having a predetermined
width so as to be able to spread the powder 1n the whole
width, 1n the Y direction, of an area in which a three-
dimensionally shaped object 1s formed. Since the low-
rigidity plate-like member 22 deforms in accordance with
the shape of the projecting portion at a position at which the
low-rigidity plate-like member 22 contacts the projecting
portion, the low-ngidity plate-like member 22 can spread
the powder 1n the whole width 1n the Y direction, without
forming any gap.

[0054] Note that not only the above-described low-rigidity
plate-like member 22 but also another member, such as a
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low-rigidity roller or a brush, other than the plate-like
member may be used as the thickness determinming portion,
for forming a flat powder layer having a predetermined
thickness. Also 1n this case, the supporting mechanism 1s
disposed for allowing the other member to retract 1n a
normal condition and take a posture for forming the layer
when a projecting portion i1s formed on a three-dimension-
ally shaped object.

[0055] Inthe present embodiment, as illustrated in FIG. 3,
the high-ngidity plate-like members 21A and 21B are
arranged so as to sandwich the low-rigidity plate-like mem-
ber 22 1in the moving direction (positive or negative direction
in the X-axis) of the powder depositing apparatus 107. Since
the powder depositing apparatus 107 includes the two high-
rigidity plate-like members 21 A and 21B, the powder depos-
iting apparatus 107 may not have to move toward a direction
opposite to a direction i which the powder depositing
apparatus 107 normally moves. However, the arrangement
and the number of the high-rigidity plate-like members may
be changed as appropriate 1n accordance with a scanning
method. For example, as 1n a later-described second embodi-
ment, a single high-nigidity plate-like member may be
disposed on only one side of the low-ngidity plate-like
member 22.

[0056] Referring back to FIG. 1, a laser light source 109,
a scanner 110, and a condensing lens 111, which constitute
an 1rradiation portion that emits an energy beam, are dis-
posed above the manufacturing table 101.

[0057] The laser light source 109, the scanner 110, and the
condensing lens 111 are an irradiation optical system that
selectively 1rradiates a focal point, located on the maternal
powder layer spread on the plate 102 by the powder depos-
iting apparatus 107, with a heating laser beam 1n accordance
with the shape of an object to be manufactured.

[0058] Above the manufacturing table 101, a monitoring
device 115 1s disposed for monitoring the state of the powder
layer formed on the plate 102 and measuring the shape of a
solidified portion formed after the laser irradiation. The
monitoring device 115 includes an 1image capturing device,
for example. The monitoring device 115 processes a cap-
tured 1mage, and thereby can determine whether a projecting,
portion 1s formed, and detect the position of the projecting,
portion 1 the projecting portion 1s formed. The monitoring,
device 115 may have any system as long as the system can
measure the shape of a solidified portion above the plate 102
and detect a projecting portion. For example, an 1mage
capturing device that can capture a moving 1image and/or a
still image or a length measuring apparatus that uses a laser
beam may be used as a detection portion. In addition, the
shape and the position of a projecting portion may be
detected by using a contact-type displacement sensor or
pressure sensor. The system and the installation position of
the monitoring device 115, and the number of the devices (in
a case where a plurality of monitoring devices 115 1s used)
may be appropriately selected so that the whole area in
which a three-dimensionally shaped object 1s formed can be
measured with a required accuracy and that the detection
result can be outputted to a control unit 112.

[0059] The control unit 112 of the additive manufacturing
apparatus 1 1s a computer that controls operation of each unit

of the additive manufacturing apparatus 1, and contains a
CPU, a ROM, a RAM, and an I/O port.

[0060] The ROM 1s a computer-readable storage medium,
and stores a program used for operating the additive manu-
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facturing apparatus 1. For example, the control unit 112
executes the program for performing the powder-layer form-
ing process, in which the powder depositing apparatus 107,
which serves as a layer forming portion that forms a powder
layer, moves 1n a space above the base and forms a powder
layer having a predetermined thickness. In another case, the
control umt 112 executes the program for performing the
solidifying process, in which the powder layer 1s 1rradiated
with the energy beam i1n accordance with the shape of a
plurality of products for forming a solidified portion.
[0061] The I/O port 1s connected to an external device or
a network. For example, the data necessary for the additive
manufacturing 1s sent from the external device to the addi-
tive manufacturing apparatus 1 and vice versa, via the I/O
port. The data necessary for the additive manufacturing
includes data on the shape of a three-dimensionally shaped
object to be formed, information data on the matenal to be
used for the additive manufacturing, and layer shape data for
cach layer. The layer shape data 1s slice data. The slice data
may be sent from an external computer, or may be created
by the CPU of the control unit 112 in accordance with the
data on the shape of the object, and stored in the RAM.
[0062] The control unit 112 1s connected with compo-
nents, such as the vertical movement mechanism 106 for the
manufacturing table 101, the powder depositing apparatus
107, the laser light source 109, the scanner 110, the con-
densing lens 111, and the powder-storage-portion vertical
movement mechanism 114; and controls the operation of
these components for performing processes of the additive
manufacturing.

[0063] In addition, the control unit 112 analyzes an image
of a three-dimensionally shaped object formed after the laser
irradiation and captured by the monitoring device 115, and
determines whether a projecting portion 1s formed, and
performs a detection process (check process) that detects the
position of the projecting portion if the projecting portion 1s
formed.

Method of Manufacturing Three-Dimensionally Shaped
Object

[0064] First, a basic manufacturing operation of the addi-
tive manufacturing apparatus 1 will be described, and then
an operation of the additive manufacturing apparatus 1
performed when a projecting portion 1s unintentionally
formed will be described.

[0065] Adter the plate 102 1s attached to the manufacturing
table 101 of the additive manufacturing apparatus 1, the
additive manufacturing apparatus 1 repeatedly deposits one
solidified portion on another for forming a plurality of
three-dimensionally shaped and spaced objects on the plate
102.

[0066] As one example, the description will be made for
a case where 9 varieties of 49 objects are formed, separated
from each other, on the plate 102 1n seven rows and seven
columns, as illustrated 1n the perspective view of FIG. 13
and the plan view of FIG. 14. Since the above-describe case
1s one example, the shape, the number, and the arrangement
of three-dimensionally shaped objects are not limited to the
above-described case 1in the present embodiment.

[0067] The control unit 112 first performs a powder-layer
forming process to form a powder layer having a predeter-
mined thickness. Specifically, the control unit 112 sends a
command to the vertical movement mechanism 106 and
causes the manufacturing table 101 to move to an 1nitial
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position for performing the manufacturing operation. Then,
the control unit 112 causes the powder-storage-portion ver-
tical movement mechanism 114 to lift the right or the left
portion of the powder storage portion 113 for lifting the
powder to a position higher than the deposition-height
limiting line 201.

[0068] Then the control unit 112 sends a command to the
powder depositing apparatus 107 and causes the powder
depositing apparatus 107 to move along the movement guide
108 from the lifted powder storage portion 113 side toward
the plate 102 1n the positive or the negative direction in the
X-axis. In this time, the high-rigidity plate-like member 21 A
1s positioned such that the height of the lower edge of the
high-rigidity plate-like member 21 A 1s made equal to the
height of the deposition-height limiting line 201 in the
Z-axis. On the other hand, the low-rigidity plate-like mem-
ber 22 and the other igh-rigidity plate-like member 21B are
retracted and positioned at positions at which the low-
rigidity plate-like member 22 and the high-rigidity plate-like
member 21B do not contact the powder. The high-rigidity
plate-like member 21 A moves 1n a space above the plate 102
while pushing the powder located above the deposition-
height limiting line 201, so that the first layer of material

powder having a predetermined thickness 1s formed on the
plate 102.

[0069] Adfter forming the first layer of material powder, the
control unit 112 performs a solidifying process. That 1s, the
control unit 112 sends commands to the laser light source
109, the scanner 110, and the condensing lens 111, and
causes them to irradiate a target portion of the material
powder (to be solidified) with a laser beam for heating the
portion. The scanner 110 causes the laser beam emitted from
the laser light source 109 to freely scan the powder material
in the X and Y directions. The laser beam 1s focused on a
very small portion of the powder layer by the condensing
lens 111, and the locally heated portion of the powder layer
1s sintered or melted. The locally heated portion 1s then
cooled and solidified. Thus, the laser light source 109 is
turned on and ofl while the powder layer 1s scanned by the
laser beam via the scanner 110. In this manner, a desired
portion of the powder layer 1s 1rradiated with the laser beam,
and a solidified portion i1s formed. The control unmit 112
performs the solidilying process in accordance with a shape

pattern of the solidified portion to be formed 1n the first layer.

[0070] Adfter completing the solidifying process in which
a predetermined portion of the first layer of the material
powder 1s solidified for the 49 objects, the control unit 112
sends a command to the vertical movement mechanism 106
and causes the vertical movement mechanism 106 to lower
the manufacturing table 101 by the thickness of one layer.
Then the control unit 112 sends commands to the powder
depositing apparatus 107 and the powder-storage-portion
vertical movement mechanism 114 and causes them to
deposit the second layer of material powder on the first layer
of maternial powder, for which the solidifying process has
been completed. That 1s, the control unit 112 performs the
powder-layer forming process for the second layer.

[0071] Then, the control unit 112 sends commands to the
laser light source 109, the scanner 110, and the condensing
lens 111, and causes them to 1rradiate a target portion of the
material powder with a laser beam 1n accordance with a
shape pattern for the second layer, for forming a solidified
portion of the second layer. After that, the control umt 112
deposits one solidified portion on another by repeating the
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powder-layer forming process and the solidifying process,
and continues the additive manufacturing until a product
with desired shape 1s completed.

[0072] After completing a solidifying process for each
layer and before starting a powder-layer forming process for
the next layer, the control unit 112 analyzes an image
(captured by the monitoring device 115) of the three-
dimensionally shaped object for which a corresponding
solidifying process has been completed, and determines
whether a projecting portion 1s formed. Specifically, the
projecting portion determined by the control umt 112 is a
portion projecting from the deposition-height limiting line
201 after the vertical movement mechanism 106 lowers the
manufacturing table 101 by the thickness of one layer for
forming the next layer. If such a projecting portion 1is
detected, the control unit 112 stores the data on the position
of the projecting portion, that 1s, the data on the X and Y
coordinates of the projecting portion.

Operation Performed when Projecting Portion 1s Formed
[0073] When a projecting portion (projecting solidified
portion) that projects from the deposition-height limiting
line 201 1s detected, the control unit 112 performs the
powder-layer forming process for the next layer, in a manu-
facturing operation different from the above-described basic
manufacturing operation. The operation of the additive
manufacturing apparatus 1 will be described with reference
to FIGS. 4A and 4B, FIGS. 5A and 5B, and FIG. 6. Note that
in these figures, part of the three-dimensionally shaped
objects formed in seven rows and seven columns 1s omaitted
for convenience of illustration.

[0074] FIG. 4A schematically illustrates a state 1n which a
projecting portion that projects from the deposition-height
limiting line 201 1s formed after the powder-layer forming
process and the solidifying process have been repeated
several times. FIG. 4A 1llustrates a solidified portion 11 and
an unmintentionally formed projecting portion 12. The solidi-
fied portion 11 1s a three-dimensionally shaped object that 1s
being formed, that 1s, a portion in which the material powder
has been solidified. In this case, the projecting portion 12 1s
formed, for example, when a three-dimensionally shaped
cylindrical object located at the fourth row and the D-th
column 1 FIG. 14 1s being formed. The control unmit 112
stores the data on the position of the projecting portion 12,
that 1s, the data on the X and Y coordinates of the projecting
portion 12, and the data on the height of the projecting
portion 12 in the Z-direction, obtained by analyzing an
image captured by the monitoring device 115.

[0075] Then, as the preparation for depositing the powder
for the next layer, the control unit 112 sends a command to
the vertical movement mechamism 106 and causes the ver-
tical movement mechanism 106 to lower the manufacturing
table 101 by the thickness of one layer, as 1n the above-
described basic operation. The control unit 112 then sends
commands to the powder depositing apparatus 107 and the
powder-storage-portion vertical movement mechanism 114
and forms a pile of powder 13 1n front of the high-rigidity
plate-like member 21A so that the high-rigidity plate-like
member 21 A pushes and supplies the powder onto the plate
102.

[0076] Then, as illustrated 1in FIG. 4B, the control unit 112
causes the powder depositing apparatus 107 to move toward
the right direction 1n FIG. 4B (1.e. positive direction 1n the
X-axis) while pushing the pile of powder 13, for spreading
the powder layer such that the top surface of the powder
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layer becomes flat. Since the data on the position of the
projecting portion 1s stored in the control unit 112, the
control unit 112 controls the operation of the powder depos-
iting apparatus 107 so that the high-rigidity plate-like mem-
ber 21A spreads the powder layer to a position that the
high-rigidity plate-like member 21A reaches immediately
before reaching the projecting portion. Thus, in the case
where a projecting portion 1s formed on the three-dimen-
sionally shaped cylindrical object located at the fourth row
and the D-th column 1n FIG. 14, the high-rigidity plate-like
member 21A spreads the powder as usual on other three-
dimensionally shaped objects located 1n the seventh to the
fifth rows, which are located upstream 1n the moving direc-
tion.

[0077] When the high-ngidity plate-like member 21A
moves to the position that the high-rigidity plate-like mem-
ber 21 A reaches immediately before reaching the projecting,
portion 12, the control unit 112 sends a command to the
powder depositing apparatus 107 and causes the powder
depositing apparatus 107 to move the high-rigidity plate-like
member 21 A toward the positive direction m the Z-axis, to
a height at which the high-ngidity plate-like member 21A
does not contact the projecting portion 12.

[0078] Then, as i1llustrated 1n FIG. 5A, 1n the state where
the control umit 112 causes the high-rigidity plate-like mem-
ber 21A to retract upward and take a posture 1n which the
high-rigidity plate-like member 21 A does not contact the
projecting portion 12, the control unit 112 causes the low-
rigidity plate-like member 22 to move toward the negative
direction 1n the Z-axis so that the height of the lower edge
of the low-rigidity plate-like member 22 1s made equal to the
height of the deposition-height limiting line 201.

[0079] Then, as illustrated 1n FIG. 5B, the control unit 112
causes the powder depositing apparatus 107 to move toward
the positive direction 1n the X-axis. Since the high-rigidity
plate-like member 21A passes through a space above the
projecting portion 12 without contacting the projecting
portion 12, the powder depositing apparatus 107 does not
stop, and the high-rigidity plate-like member 21 A does not
cause the collapse of the three-dimensionally shaped object
11, on which the projecting portion 12 i1s formed and which
1s located at the fourth row and the D-th column. In this time,
since the low-rigidity plate-like member 22 deforms 1n
accordance with the shape of the projecting portion 12, as
illustrated in FIG. 7B, at a position at which the low-rigidity
plate-like member 22 contacts the projecting portion 12, the
low-rigidity plate-like member 22 can spread the powder 1n
the whole width 1n the Y direction, without forming any gap.
That 1s, the low-rigidity plate-like member 22 can spread the
powder layer having a predetermined thickness not only on
the object, which 1s located at the fourth row and the D-th
column and on which the projecting portion 12 1s formed,
but also on other objects located in the fourth row and in
columns other than the D-th column.

[0080] When the low-rigidity plate-like member 22 moves
toward the positive direction 1n the X-axis, to a position
separated from the projecting portion 12, the control unit 112
sends a command to the powder depositing apparatus 107
and causes the powder depositing apparatus 107 to retract
the low-rigidity plate-like member 22 toward the positive
direction 1n the Z-axis, to a height at which the low-rigidity
plate-like member 22 does not contact the projecting portion
12. In addition, the control unit 112 causes the powder
depositing apparatus 107 to move toward the positive direc-
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tion 1n the X-axis so that the other high-rigidity plate-like
member 21B 1s positioned 1n front of the pile of powder 13
(1n the negative direction in the X-axis) having been pushed
by the low-rigidity plate-like member 22, and at a position
at which the high-rigidity plate-like member 21B does not
contact the projecting portion 12 when lowered.

[0081] Then, as 1llustrated 1n FIG. 6, the control unit 112
lowers the high-rigidity plate-like member 21B toward the
negative direction 1n the Z-axis until the height of the lower
edge of the high-rigidity plate-like member 21B becomes
equal to the height of the deposition-height limiting line 201,
and then moves the high-ngidity plate-like member 21B
toward the positive direction 1n the X-axis. Thus, the high-
rigidity plate-like member 21B moves in a space above the
plate 102 while pushing the pile of powder 13, and thereby
forms a layer of matenal powder having a predetermined
thickness for forming the on three-dimensionally shaped
objects located in the third to the first rows 1n FIG. 14.

[0082] Adter the powder layer 1s formed, the powder layer
1s 1rradiated with a laser beam for sintering or melting the
material powder, and then the solidifying process 1s per-
formed for cooling and solidifying the material powder. In
the present embodiment, even i a projecting portion 1s
formed on an object located 1n the fourth row for example,
three-dimensionally shaped objects located 1n all rows can
be completed without stopping the additive manufacturing
apparatus.

[0083] For the present embodiment, the description has
been made for the case where a projecting portion 1s formed
at one position. However, even when projecting portions are
formed at a plurality of positions, one of the high-ngidity
plate-like members 1s replaced by the low-rigidity plate-like
member 22 at a position of each projecting portion, and then
the low-nigidity plate-like member 22 spreads the powder
layer. In addition, after the low-rnigidity plate-like member
22 passes the position of each projecting portion, the layer
forming portion replaces the low-rigidity plate-like member
22 with the other of the high-rnigidity plate-like members,
and causes the other of the high-rigidity plate-like members
to spread the powder layer on a remaining area.

[0084] If the present mvention was not applied, and the
high-rigidity plate-like member continued performing the
powder-layer forming process at a position of a projecting
portion without being replaced with the low-rigidity plate-
like member 22, the high-rigidity plate-like member would
be caught on the projecting portion and prevented from
moving. Otherwise, a product on which the projecting
portion 1s formed and which 1s being manufactured might be
pushed down by the powder-layer forming mechanism. As a
result, the product would become an obstacle to the powder-
layer forming mechanism, and stop the operation of the
manufacturing apparatus, or prevent the powder layer from
being uniformly spread even 1f the manufacturing apparatus
does not stop.

[0085] As countermeasures to this, a rigidity of a plate-
like member could be reduced so that the plate-like member
deforms when contacting a projecting portion. However, 1f
the ngidity 1s reduced to the extent that the plate-like
member deforms in accordance with the shape of the pro-
jecting portion, the accuracy in flatness of the powder layer
will be lowered 1n a normal area (1n which the projecting
portion 1s not formed) that occupies most of the powder
layer, compared to the accuracy obtained when the high-
rigidity plate-like member 1s used. In addition, 11 a medium-
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rigidity plate-like member, whose rnigidity 1s slightly smaller
than that of the high-rigidity plate-like member, 1s used, the
medium-rigidity plate-like member will not be able to
flexibly deform, unlike the low-rigidity plate-like member
22 of the present embodiment, 1n accordance with the shape
of the projecting portion without forming any gap. That 1s,
as 1llustrated 1n FIG. 8A, 11 a medium-rnigidity plate-like
member 21M whose rigidity 1s slightly reduced 1s used, a
gap Gap will be formed around the projecting portion 12 that
1s 1 contact with the medium-rigidity plate-like member
21M. Thus, the medium-rigidity plate-like member 21M
cannot spread the powder layer having a constant thickness,
in the whole width 1n the Y direction without forming any
gap.

[0086] In addition, as illustrated in FIG. 8B, 1t the high-
rigidity plate-like member 21 merely moves 1 the X-axis
direction while temporarily retracting so as not to contact the
projecting portion 12, a gap Gap will be formed 1n the whole
width 1n the Y direction. Thus, the high-rigidity plate-like
member 21 will move, with a pile of powder being left in the
vicinity ol the projecting portion 12. As previously
described, even 1f the high-rigidity plate-like member 21
moves downward from a retracting position after passing the
projecting portion, the maternial powder 1s short at the
position to which the high-ngidity plate-like member 21
moves down. As a result, the powder layer will not be
formed after that, or otherwise the thickness of the powder
layer will become thinner than a predetermined thickness.

[0087] Thus, in a case where the present invention 1s not
applied, even 11 the apparatus can continue to operate when
a projecting portion 1s formed, the apparatus will have
trouble 1n the following formation of the powder layer, and
the accuracy in shape of the three-dimensionally shaped
object will be lowered.

[0088] In the present embodiment, when a plurality of
products 1s formed 1n parallel 1n the additive manufacturing,
even 1l a projecting portion 1s unintentionally formed on part
of the products, the additive manufacturing for the products
can be reliably continued without stopping the manufactur-
ing apparatus.

[0089] In addition, 1in the present embodiment, when a
single product 1s formed at a time 1n the additive manufac-
turing, even 1f a projecting portion 1s umntentionally formed
on part of the product, the additive manufacturing for the
product can be reliably continued without stopping the
manufacturing apparatus.

Second Embodiment

Additive Manufacturing Apparatus

[0090] Next, a second embodiment of the present inven-
tion will be described. The description for a component
identical to a component of the first embodiment will be
omitted. An overall basic configuration of an additive manu-
facturing apparatus of the present embodiment 1s the same as
that of the first embodiment, but a configuration and an
operation of the powder depositing apparatus 107 1s different
from those of the first embodiment. In the first embodiment,
the high-rnigidity plate-like member 21A and the high-rigid-
ity plate-like member 21B are arranged so as to sandwich the
low-rigidity plate-like member 22. In the present embodi-
ment, however, the single low-rigidity plate-like member 22
and a single high-rigidity plate-like member 21C are pro-
vided. Also 1n the present embodiment, the low-rigidity
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plate-like member 22 and the high-rigidity plate-like mem-
ber 21C can move up and down independently 1n the Z-axis

direction, depending on a command from the control unit
112.

Method of Manufacturing Three-Dimensionally Shaped
Object

[0091] Since a basic manufacturing operation of the addi-
tive manufacturing apparatus of the present embodiment 1s
the same as that of the first embodiment, the detailed
description thereotf will be omitted. The additive manufac-
turing apparatus repeats the powder-layer forming process
that uses the high-ngidity plate-like member 21C and the
solidifying process that irradiates the powder layer with the
laser beam; and forms 9 varieties of 49 objects, separated
from each other, on the plate 102, as illustrated in the
perspective view of FIG. 13 and the plan view of FIG. 14.
Operation Performed when Projecting Portion 1s Formed
[0092] Next, an operation of the additive manufacturing
apparatus of the second embodiment performed when a
projecting portion 1s unintentionally formed will be
described. When a projecting portion that projects from the
deposition-height limiting line 201 of FIG. 9A 1s detected,
the control unit 112 performs the powder-layer forming
process for the next layer, in a manufacturing operation
different from the basic manufacturing operation. The opera-
tion of the additive manufacturing apparatus 1 will be
described with reference to FIGS. 9A and 9B, FIGS. 10A
and 108, FIGS. 11 A and 11B, and FIG. 12. Note that in these
figures, part of the three-dimensionally shaped objects
formed 1n seven rows and seven columns i1s omitted for
convenience of illustration.

[0093] FIG. 9A schematically illustrates a state 1n which a
projecting portion that projects from the deposition-height
limiting line 201 1s formed after the powder-depositing
process and the laser-beam irradiation process have been
repeated several times. FIG. 9A 1llustrates a solidified por-
tion 11 and an unintentionally formed projecting portion 12.
The solidified portion 11 1s a three-dimensionally shaped
object that 1s being formed, that 1s, a portion 1n which the
material powder has been solidified. When the projecting
portion 12 1s formed, for example, 1mn the formation of a
three-dimensionally shaped cylindrical object located at the
fourth row and the D-th column 1n FIG. 14, the control unit
112 obtains the data on the position of the projecting portion
12, that 1s, the data on the X and Y coordinates of the
projecting portion 12, and the data on the height of the
projecting portion 12 in the Z-direction, from a result
obtained by analyzing an image captured by the monitoring
device 115, and stores the data.

[0094] Then, as i1llustrated 1n FI1G. 9B, the control unit 112
causes the powder depositing apparatus 107 to move toward
the nght direction 1n FIG. 9B (1.e. positive direction 1n the
X-axis) while pushing the pile of powder 13 by using the
high-rigidity plate-like member 21C, for spreading the pow-
der layer such that the top surface of the powder layer
becomes flat. Since the data on the position of the projecting
portion 12 1s stored 1n the control unit 112, the control umit
112 controls the operation of the powder depositing appa-
ratus 107 so that the high-rigidity plate-like member 21C
spreads the powder layer to a position that the high-rigidity
plate-like member 21C reaches immediately before reaching,
the projecting portion 12. Thus, in the case where a project-
ing portion 12 1s formed 1n the three-dimensionally shaped
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cylindrical object located at the fourth row and the D-th
column 1n FIG. 14, the high-rigidity plate-like member 21C
spreads the powder normally on other three-dimensionally
shaped objects located 1n the seventh to the fifth rows, which
are located upstream 1n the moving direction.

[0095] As illustrated in FIG. 10A, when the high-rigidity
plate-like member 21C moves to a position that the high-
rigidity plate-like member 21C reaches immediately before
reaching the projecting portion 12, the control unit 112 sends
a command to the powder depositing apparatus 107 and
causes the powder depositing apparatus 107 to move the
high-rigidity plate-like member 21C toward the positive
direction 1n the Z-axis, to a height at which the high-rigidity
plate-like member 21C does not contact the projecting
portion 12. In addition, the control umt 112 causes the
powder depositing apparatus 107 to move the low-rigidity
plate-like member 22 toward the negative direction in the
Z-axis so that the height of the lower edge of the low-rigidity
plate-like member 22 becomes equal to the height of the
deposition-height limiting line 201.

[0096] Then, as illustrated 1n FIG. 10B, the control unit
112 causes the powder depositing apparatus 107 to move
toward the positive direction 1n the X-axis. Since the high-
rigidity plate-like member 21C passes through a space above
the projecting portion 12 without contacting the projecting,
portion 12, the powder depositing apparatus 107 does not
stop, and the high-rigidity plate-like member 22 does not
cause the collapse of the three-dimensionally shaped object
11, on which the projecting portion 12 1s formed and which
1s located at the fourth row and the D-th column. In this time,
since the low-rigidity plate-like member 22 deforms 1n
accordance with the shape of the projecting portion 12, as
illustrated in FIG. 7B, at a position at which the low-rigidity
plate-like member 22 contacts the projecting portion 12, the
low-rigidity plate-like member 22 can spread the powder 1n
the whole width 1n the Y direction, without forming any gap.
That 1s, the low-rigidity plate-like member 22 can spread the
powder layer having a predetermined thickness not only on
the object, which 1s located at the fourth row and the D-th
column and on which the projecting portion 12 1s formed,
but also on other objects located in the fourth row and in
columns other than the D-th column.

[0097] As illustrated 1n FIG. 11 A, when the low-rigidity
plate-like member 22 moves toward the positive direction in
the X-axis, to a position separated from the projecting
portion 12, the control unit 112 sends a command to the
powder depositing apparatus 107 and causes the powder
depositing apparatus 107 to retract the low-rigidity plate-like
member 22 toward the positive direction 1n the Z-axis, to a
height at which the low-rigidity plate-like member 22 does
not contact the projecting portion 12.

[0098] Then, as illustrated 1n FIG. 11B, the control unit
112 causes the powder depositing apparatus 107 to tempo-
rarilly move toward the negative direction in the X-axis so
that the high-nigidity plate-like member 21C is positioned in
front of the pile of powder 13 (1n the negative direction 1n
the X-axis) having been pushed by the low-rigidity plate-
like member 22, and at a position that 1s not immediately
above the projecting portion 12.

[0099] Then, as 1llustrated 1n FIG. 12, the control unit 112
lowers the high-rigidity plate-like member 21C toward the
negative direction 1n the Z-axis until the height of the lower
edge of the high-rigidity plate-like member 21C becomes
equal to the height of the deposition-height limiting line 201,
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and then moves the high-ngidity plate-like member 21C
toward the positive direction in the X-axis. The high-rigidity
plate-like member 21C moves 1n a space above the plate 102
while pushing the pile of powder 13, and thereby forms a
layer of material powder having a predetermined thickness
for forming the three-dimensionally shaped objects located

in the third to the first rows in FIG. 14.

[0100] Adter the powder layer 1s formed, the powder layer
1s 1rradiated with a laser beam for sintering or melting the
material powder, and then the solidifying process 1s per-
formed for cooling and solidifying the matenial powder. In
the present embodiment, even if a projecting portion 1s
formed on an object located 1n the fourth row for example,
three-dimensionally shaped objects located 1n all rows can
be completed without stopping the additive manufacturing
apparatus.

[0101] For the present embodiment, the description has
been made for the case where a projecting portion 1s formed
at one position. However, even when projecting portions are
formed at a plurality of positions, the high-rigidity plate-like
member 21C 1s replaced by the low-rigidity plate-like mem-
ber 22 at a position of each projecting portion, and then the
low-rigidity plate-like member 22 spreads the powder layer.
In addition, after the low-rigidity plate-like member 22
passes the position of each projecting portion, the layer
forming portion 107 replaces the low-ngidity plate-like
member 22 with the high-ngidity plate-like member 21C,
and causes the high-rigidity plate-like member 21C to
spread the powder layer on a remaining area.

[0102] If the present mvention was not applied, and the
high-rigidity plate-like member 21C continued performing
the powder-layer forming process at the position of a pro-
jecting portion without being replaced with the low-rigidity
plate-like member 22, the high-nigidity plate-like member
21C would be caught on the projecting portion and pre-
vented from moving. Otherwise, a product on which the
projecting portion 1s formed and which 1s being manufac-
tured might be pushed down by the powder-layer forming
mechanism. As a result, the product would become an
obstacle to the powder-layer forming mechanism, and stop
the operation of the manufacturing apparatus, or otherwise
prevent the powder layer from being uniformly spread.

[0103] As countermeasures to this, a rigidity of a plate-
like member could be reduced so that the plate-like member
deforms when contacting a projecting portion. However, 1f
the ngidity 1s reduced to the extent that the plate-like
member deforms in accordance with the shape of the pro-
jecting portion, the accuracy in flatness of the powder layer
will be lowered 1n a normal area (1n which the projecting
portion 1s not formed) that occupies most of the powder
layer, compared to the accuracy obtained when the high-
rigidity plate-like member 1s used. In addition, if the
medium-rigidity plate-ike member, whose ngidity 1s
slightly smaller than that of the high-ngidity plate-like
member, 15 used, the medium-rigidity plate-like member
will not be able to flexibly deform, unlike the low-rigidity
plate-like member 22 of the present embodiment, 1n accor-
dance with the shape of the projecting portion without
forming any gap. That 1s, as illustrated 1n FIG. 8A, 11 a
medium-rigidity plate-like member 21M whose rigidity 1s
slightly reduced 1s used, a gap Gap will be formed around
the projecting portion 12 that 1s 1n contact with the medium-
rigidity plate-like member 21M. Thus, the medium-rigidity
plate-like member 21M cannot spread the powder layer
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having a constant thickness, in the whole width i the Y
direction without forming any gap.

[0104] In addition, as illustrated in FIG. 8B, 1t the high-
rigidity plate-like member 21 merely moves 1 the X-axis
direction while temporarily retracting so as not to contact the
projecting portion 12, a gap Gap will be formed 1n the whole
width 1n the Y direction. Thus, the high-rigidity plate-like
member 21 will move, with a pile of powder being left in the
vicinity ol the projecting portion 12. Even 1f the high-
rigidity plate-like member 21 moves downward from a
retracting position aiter passing the projecting portion, the
material powder 1s short at the position to which the high-
rigidity plate-like member 21 moves down. As a result, the
powder layer will not be formed after that, or otherwise the
thickness of the powder layer will become thinner than a
predetermined thickness.

[0105] Thus, 1n a case where the present invention 1s not
applied, even 11 the apparatus can continue to operate when
a projecting portion 1s formed, the apparatus will have
trouble 1n the following formation of the powder layer, and
the accuracy in shape of the three-dimensionally shaped
object will be lowered.

[0106] In the present embodiment, when a plurality of
products 1s formed 1n parallel 1n the additive manufacturing,
even 1 a projecting portion 1s unintentionally formed on part
of the products, the additive manufacturing for the products
can be reliably continued without stopping the manufactur-
ing apparatus.

[0107] In addition, in the present embodiment, when a
single product 1s formed at a time 1n the additive manufac-
turing, even 1f a projecting portion 1s umntentionally formed
on part of the product, the additive manufacturing for the
product can be reliably continued without stopping the
manufacturing apparatus.

[0108] Since the single high-rigidity plate-like member
21C 1s used 1n the present embodiment, the present embodi-
ment can downsize and lighten the powder depositing appa-
ratus 107, compared to the first embodiment.

EXAMPLES

[0109] Next, specific examples and comparative examples
will be described. Example 1 to Example 4 are specific
examples of the above-described embodiments. Compara-
tive Example 1 1s an example 1n which the manufacturing,
was performed using an additive manufacturing apparatus
having only a high-rigidity plate-like member. Comparative
Example 2 1s an example 1n which the manufacturing was
performed using an additive manufacturing apparatus hav-
ing only a low-rigidity plate-like member.

EXAMPLE 1 EXAMPLE 2
MATERIAL OF SKDI11 TUNGSTEN
HIGH-RIGIDITY CARBIDE
PLATE-LIKE
MEMBER
MATERIAIL OF SILICONE SILICONE
LOW-RIGIDITY RUBBER RUBBER
PLATE-LIKE
MEMBER
MATERIAIL OF SUS630 SUS630
POWDER
MANUFAC- A A

TURABILITY
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[0110] Additive manufacturing processes of the examples
and the comparative examples were performed in the fol-
lowing conditions. In Example 1 to Example 4, the material
powder used was SUS630 or AlS110Mg having a maximum
particle diameter of 35 um or less and an average particle
diameter of 20 um. In Comparative Example 1 and Com-
parative Example 2, the same material powder as that for
Example 1 to Example 3 was used for performing the
manufacturing. The light source used was a fiber laser, and
the atmosphere used 1n the manufacturing was argon gas
having a temperature of 30° C. and an oxygen concentration

of 1000 ppm.

[0111] The manufactured three-dimensionally shaped
objects were blocks used as a component for a mechanical
apparatus and having a size of 100 mmx100 mmx40 mm.
The three-dimensionally shaped objects were manufactured
under the same condition, that 1s, 1n the single-product
manufacturing, in the examples and the comparative
examples. In the manufacturing, the laser beam had higher
energy than that used for a heating process 1n ordinary
additive manufacturing. Thus, when 1rradiated with the laser
beam, the powder melted faster, resulting 1n a high-density
object with low porosity.

[0112] In the examples and the comparative examples, the
manufactured objects were evaluated on two evaluation
items: manufacturability and quality of manufactured object.

[0113] In the manufacturability, when a projecting portion
was formed during a manufacturing process, there was
evaluated whether the apparatus was abnormally stopped by
the overload caused by collision between the projecting
portion and a plate-like member and applied to the appara-
tus, or whether the apparatus was abnormally stopped by the
collapse of the object and the interference between the
object and the apparatus. When the manufacturing process
was normally completed, an evaluation result “A” was
given. When the apparatus was abnormally stopped, an
evaluation result “B” was given.

[0114] In the quality of manufactured object, when a
projecting portion was formed during the manufacturing
process, the completed object was visually checked for
determining whether a crack, a step, or a projection was
tormed due to a defective powder layer. Then, an evaluation
result “A” was given 1f the external appearance was accept-
able, and an evaluation result “B” was given 1f any crack,
step, or projection was 1dentified.

[0115] 'Table 1 collectively tabulates materials of plate-
like members, matenials of the powder, and evaluation
results.

TABLE 1
COMPARATIVE COMPARATIVE
EXAMPLE 3 EXAMPLE 4 EXAMPLE 1 EXAMPLE 2
SKD11 SKDI11 SKDI11 —
ELASTOMER SILICONE — SILICONE
RUBBER RUBBER
SUS630 AlS110 SUS630 SUS630
A A B A
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TABLE 1-continued
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COMPARATIVE COMPARATIVE

EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE4 EXAMPLE 1 EXAMPLE 2
QUALITY OF A A A A B B
MANUFACTURED
OBIECT
[0116] As illustrated 1n Table 1, all the examples were not computer-readable storage medium’) to perform the func-

given the evaluation result “B”, which will cause trouble 1n
practical use. That 1s, in Example 1 to Example 4, when a
projecting portion was formed on part of an object during the
manufacturing of the object, the manufacturing process was
normally completed, and the quality of the completed object
was acceptable.

[0117] In confrast, in Comparative Example 1, when a
projecting portion was formed on an object during the
manufacturing of the object, the apparatus stopped and
failled to complete the object 1 most cases, because a
plate-like member collided with the projecting portion and
stopped, or the object collapsed. Even 11 the apparatus did
not stop when the object collapsed, the object having col-
lapsed interfered with the apparatus and prevented the
normal formation of the powder layer. Thus, the accuracy in
shape of the completed object was unacceptable.

[0118] In Comparative Example 2, when a projecting
portion was formed on part of an object during the manu-
facturing of the object, the manufacturing process was
completed. However, since the whole of the completed
object was formed by using the low-rnigidity plate-like
member, the shape of the object was defective due to
insuilicient accuracy in flatness and thickness of the powder
layer. Thus, the accuracy 1n shape of the three-dimensionally
shaped object was unacceptable.

Modifications

[0119] The present invention 1s not limited to the above-
described embodiments and examples, and can be modified
within the technical spirit of the present invention.

[0120] For example, although the laser light source 1s used
in the above-described embodiments as a light source to heat
the material powder layer having been spread, light other
than the laser beam may be used as long as the 1rradiation
energy density of the light can be controlled and the light can
be used for scanning and irradiating the material powder
layer. For example, an wrradiation optical system in which
optical components, such as a high-intensity lamp, a shutter,
a variable focusing lens, and a scan mirror, are combined
may be used for some cases. In addition, the heating energy
beam may not be the light beam but an electron beam.
[0121] In addition, the material powder may not be the
metal powder but resin powder made of resin such as ABS,
PEEK, or the like. Furthermore, the particle diameter of the
material powder 1s not limited to those of the above-
described embodiments and examples.

Other Embodiments

[0122] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory

tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific itegrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

[0123] While the present invention has been described
with reference to exemplary embodiments, it 1s to be under-
stood that the invention 1s not limited to the disclosed
exemplary embodiments. The scope of the following claims
1s to be accorded the broadest interpretation so as to encoms-
pass all such modifications and equivalent structures and
functions.

[0124] This application claims the benefit of Japanese
Patent Application No. 2019-26964, filed Feb. 18, 2019,
which 1s hereby incorporated by reference herein in its
entirety.

What 1s claimed 1s:
1. A method of manufacturing a product, the method
comprising;
a powder-layer forming step in which a layer forming
portion moves 1n a space above a base and forms a
powder layer having a predetermined thickness;

a solidifying step in which the powder layer formed in the
powder-layer forming step 1s irradiated with an energy
beam 1n accordance with a shape of a product to be
manufactured and a solidified portion 1s formed; and

a check step in which whether a projecting portion 1s
formed on the solidified portion formed 1n the solidi-
tying step 1s checked, the projecting portion having a
height larger than the predetermined thickness,
wherein the powder-layer forming step, the solidifying
step, and the check step are repeated 1n this order,

wherein 11 the projecting portion 1s detected in the check
step, the layer forming portion operates in the powder-
layer forming step to be performed next, such that




US 2020/0262139 Al

until reaching a position located 1n front of the project-

ing portion, the layer forming portion moves while

forming the powder layer having the predetermined

thickness by using a high-ngidity thickness-deter-
mining portion,

at a position of the projecting portion, the layer forming

portion moves while forming the powder layer by using

a low-rigidity thickness-determining portion, and
after passing the position of the projecting portion, the
layer forming portion moves while forming the powder
layer having the predetermined thickness by using the
high-rigidity thickness-determining portion.

2. The method according to claim 1, wherein if the
projecting portion 1s detected in the check step, the layer
forming portion operates 1n the powder-layer forming step to
be performed next, such that

at the position of the projecting portion, the layer forming

portion retracts the high-rigidity thickness-determining,
portion to a position at which the high-rigidity thick-
ness-determining portion does not contact the project-
ing portion.

3. The method according to claim 1, wherein if the
projecting portion 1s not detected 1n the check step, the layer
forming portion operates 1n the powder-layer forming step to
be performed next, such that the layer forming portion uses
only the high-rigidity thickness-determining portion for
forming a next powder layer.

4. The method according to claim 1, wherein the high-
rigidity thickness-determining portion comprises a {first
thickness-determining member and a second thickness-de-
termining member, and

wherein 11 the projecting portion 1s detected 1n the check

step, the layer forming portion operates in the powder-
layer forming step to be performed next, such that
until reaching the position located 1n front of the project-
ing portion, the layer forming portion uses the {first
thickness-determining member, and
after passing the position of the projecting portion, the
layer forming portion uses the second thickness-deter-
mining member.
5. The method according to claim 1, wherein 1in the
powder-layer forming step, the layer forming portion uses a
plate-like member or a roller as the high-rigidity thickness-
determining portion, and a plate-like member or a roller as
the low-ngidity thickness-determining portion,
wherein the plate-like member or the roller used as the
high-rigidity thickness-determining portion 1s made of
a high-nigidity material, and

wherein the plate-like member or the roller used as the
low-rigidity thickness-determining portion 1s made of a
low-rigidity material whose rigidity 1s smaller than a
rigidity of the high-rigidity matenal.

6. The method according to claim 1, wherein 1n the check
step, a position of the projecting portion 1s detected 11 the
projecting portion 1s detected.

7. An additive manufacturing apparatus comprising;:

a base;

a layer forming portion configured to form a powder layer
having a predetermined thickness by moving 1n a space
above the base;

an irradiation portion configured to irradiate the powder
layer with an energy beam;

a detection portion configured to detect a projecting
portion formed on a solidified portion and a position of
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the projecting portion, the solidified portion being
formed by 1rradiating the powder layer with the energy
beam from the wrradiation portion, a height of the
projecting portion being larger than the predetermined

thickness; and

a control unait,

wherein the layer forming portion comprises a high-
rigidity thickness-determining portion and a low-rigid-
ity thickness-determining portion, and

wherein the control unit 1s configured to control operation
of the high-rigidity thickness-determining portion and
the low-ngidity thickness-determining  portion,
depending on a detection result by the detection por-
tion.

8. The apparatus according to claim 7, wherein the control
unit 1s configured to repeat a powder-layer forming opera-
tion, a solidifying operation, and a check operation 1n this
order,

wherein 1n the powder-layer forming operation, the con-
trol unit causes the layer forming portion to move in the
space above the base and form the powder layer having,
the predetermined thickness,

wherein 1n the solidifying operation, the control unit
causes the irradiation portion to wrradiate the powder
layer with the energy beam 1n accordance with a shape
of a product to be formed and form the solidified
portion,

wherein 1n the check operation, the control unit causes the
detection portion to check the solidified portion formed
in the solidifying operation,

wherein 11 the projecting portion having the height larger
than the predetermined thickness i1s detected in the
check operation, the control unit controls the layer

forming portion in the powder-layer forming operation
to be performed next, such that

until reaching a position located 1n front of the project-
ing portion, the high-rigidity thickness-determining
portion moves while forming a next powder laver,
at a position of the projecting portion, the low-rigidity
thickness-determining portion moves while forming
the next powder layer, and

alter passing the position of the projecting portion, the
high-rigidity thickness-determining portion moves
while forming the next powder layer.

9. The apparatus according to claim 8, wherein 1f the
projecting portion having the height larger than the prede-
termined thickness 1s detected in the check operation, the
control unit controls the layer forming portion in the pow-
der-layer forming operation to be performed next, such that

at the position of the projecting portion, the high-rigidity

thickness-determining portion retracts to a position at
which the high-rigidity thickness-determining portion
does not contact the projecting portion.

10. The apparatus according to claim 8, wherein 1f the
projecting portion having the height larger than the prede-
termined thickness 1s not detected in the check operation, the
control unit controls the layer forming portion 1n the pow-
der-layer forming operation to be performed following the
check operation 1n which the projecting portion has not been
detected, such that the layer forming portion uses only the
high-rigidity thickness-determining portion for forming a
next powder layer.



US 2020/0262139 Al

11. The apparatus according to claim 8, wherein the
high-rigidity thickness-determining portion comprises a plu-
rality of high-rigidity thickness-determining members,

wherein if the projecting portion having the height larger
than the predetermined thickness i1s detected in the
check operation, the control unit controls the layer
forming portion 1n the powder-layer forming operation
to be performed following the check operation in which
the projecting portion has been detected, such that

until reaching the position located in front of the
projecting portion, the layer forming portion uses a
first high-rnigidity thickness-determining member of
the plurality of high-rnigidity thickness determining
members, and

after passing the position of the projecting portion, the
layer forming portion uses a second high-rigidity thick-
ness-determining member of the plurality of high-
rigidity thickness-determining members.

13
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12. The apparatus according to claim 7, wherein the
high-rigidity thickness-determining portion comprises a
plate-like member or a roller,

wherein the plate-like member or the roller of the high-

rigidity thickness-determining portion 1s made of a
high-rigidity material,
wherein the low-rigidity thickness determining portion
comprises a plate-like member or a roller, and

wherein the plate-like member or the roller of the low-
rigidity thickness-determining portion 1s made of a
low-rigidity material whose rnigidity 1s smaller than a
rigidity of the high-rigidity matenal.

13. A non-transitory computer-readable storage medium
in which a program 1s stored, wherein the program causes
the control unit of the additive manufacturing apparatus
according to claim 8, to execute the powder-layer forming
operation, the solidifying operation, and the check opera-

tion.
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